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1.The cerebrallblood flow (CBP),,, cerebral metabolism (CMRO2 ), and vascular
resistanqe (CYRL) were Measured In -15 subjects before and during it~-

.,_enloui: ~adnit ration of ethyl alcohojý aftd in 12, patients, durlng, o1 eedz*
s elf -li~dced, alcoholic intoxication end following recoveryo.

I:2. The adu4istrat ion of ety. -l~hlin doses BVuffl,'ient to prodc
facial vasodilatation and the. mental 'changes. of mild inebriation- did not,
produce, any changes, in e~ter cerebral blood flow,, cerebral Metabolism
or vascular resistance,

3, -Diring acute severe *l1oholic intoziJc~tion, there' was amarked, Increase.
in- fan care b,-kl.kQ b# eualysgnfian, rdutininceeba

oxge obtaine foloinga.. recvery. ssac, oC-L.
pae ith the values ob aine equllywn siifcanteredcinI crbao

owconcentrations of alcohol in. the blood (averaging 68 Spi.%}a
little oro baMeasurable '6.fect on cerebral circulation while high -letal
(averaging 320 UgmO%) produced a Mnarked depressioni in cerebral oxygen
consumption despite. an increase in blood- flow. There appears to be no
rational basis for the use of ethyl alcohol as a vasodilator in patients
with cerebral vascular disease..-

ODUIXCTION

The Ingestion of ethyl. alcohol 'is. known to,,produce dilatation ofth
b~o~ vesalýin the. skin ,and to a lesAp Ir -extent, those inL.o!ther tisse .

For hisreaon t ~as eeri adocaqej for thg treatmentl of peripheral vs

als ben ecinede becaus of the dilatation of pial vesses b
served inAJm 'gvhlreaobg..fth achlJnWvouy.

The sybpt4ms of acute: alcoholic intoxicatIon are generally believed to
be "caused by depyression of the, dentral nervous system# In vitro studie's,
however, bav-e shown. that alcohol "in u~~cnr osip- to 2%W~dtces an
increase in. ,oxygSiu consumptiob, 'wtiie ,concentraticns greater. than this pro-
ducela decrease *& A decrease in ,oerebral arteriovenous oxygen difference has
been found during alcoho1ic intoxication but this has been attributed 'to a.
r~ductioli in cerebral-oxygen u til Us tion rather,.than, to an1 increase in,
cerebral blood flow.5 J

This paper presents our observations on the cerebral blood flow and.
oxygen consumption In patients Vith various stages of O~coholic ini~xication
resulting from either intravenous administration of ethyl alcohol or ýthe
ingestion of large amouzits of whiskey.



nifa'm patients'-' convalescir*,. , a -variety of medidal illnesses
('s~negaw arthkritis v etc,) -,werdc giWvý.a varying amounts of ethyl alcohol
ioMtrdwenously In a -5-1C$ solutiwt III& i ge of the patients ran ed froti~m 18
to 6years with an average of W!p.O uvra Two of then had evidence, o: ee
bral disease, one of vmicu had malip "nt. hy~pertezýs ton SA-z encepbalopithy and
the other,,, severe mental def ic Loncýý P total "~~~of alcohol -ranged
from 4 to 51i C6, of absoluTýO aI.oh w-d averaged" 22 cc.' Th'e solution vas

giA ihnl oI5mnvs anid ya-oce& visible evidence of periphoz'alL
u -oa tioa n i~n most =9iet ton r j~v eelinj OfC 'vex-th. oru

the patients shoved uymtoas of mill ILiatoxication., such as drowsiness, 1
eaphoriaj, increased volubility., ant ina~prqpriate weeping or laughter. The
alcohol -levels In the blood ranged W10a 15 to 137 umm.% wiLth a mean of 68
NA.%. Tbere Vas a very- gpod. linies? , mprrotatioA between the dosage of,
alcohol abibinistered intr eanouW,u a a the blood alcohol Llevel (jr 0 93).
The seli of the line of ,regres sici = repores ented a blood alcohol level of

ý_.5 *% icr ehOiC.alo m dmiistered per kilogram of body weight.*
]Mood cWol levels on arterial býoCWc _we Ldone by the co3Dlo~itriLC metzod
of ..Gib '

(* _rebral blood flow (C]') ki,*"~ese pattiJonte was measured by t~he
Madzie tecbzli '' of Kety ani E Sedaai&tI, witbh slight modu iain

Fifteen to 30 minutes after ecwletco-on of. 'Ue control blood flow procedure,
the Infiasiomi of Alcohol was beg=,, =uad vas continued through most or all of
the. 'sooAJ&F -determidnation., Mwe hrbral oxygen consumption (M0E2)wa
obtaine~d )i .atiplying the CMW byW 6- wtrteial-in4ernal jugular venous
ox;Vgen diffpmna The, cerebral vuocedLar resistance' (CYR) was obtained by
oelawn t 11J seap arterial preasurt b by the CBF. The .mean-arterial prer sure

was measured between the. blood: samq12Jrcs writh a deaped mercury munameter
//connected to the arterial needle.

Art"~IL4 and venous blood savoIe-e were drawn over a 20-30 second period
Just befoi-e , =d after the CB? proceh*irmw. "Gas analysis of the ~blood samples,
for oxygen and. carbon dioxide us &0~ne by the combined procedure described
by Peters and Van Slyke9 and analyllx* for nitroxws oxide by the method of
Orcutt an4, waters1 0 , using the =Dd~t2!icmtious of both techniques as9 described'
by Waty and scbmidt7.7 The additiw c of ethy1 Alcohol to blood saxples in
ccdneentrations as high as 49 w. w Vim faund to .have no affe ct Lon the
accuracy of the nitrous oxide deterti~r~mfi-cs ~eolobin "concentration w-as
calculated from; the oxygen capacitl, . k.rterial pH was determined with the
glass electrode of thew Cambridge j4debol ]Rpgz~ e~er and corrected to body
temperaturze (,7* C.). Arterial pC02 Wevms calcul1atedi from the pHl, CO2 corxten~1V//
and hesatocrit ;dth the nonogram of a simger aad Hast ings.1A Venous oxygen,,
tension ,(p'02)- was obtained from tht )yE and percent oxygen saturation., using,
the diasocim~tion curves of Dill.15

SI-ilar studies were perforieý n on a~ second group of 12 pL'. ielats who bad

intxicV.< ~ Most of these patieA%8~ h.ad been found lyirAg in the streets of
Atlanta i-1. .,,- 'Uninken stupor. and all Q of themi were comatose on -admission to
the hoapi i~i Cerebral. blood flow.81it. wiles. were done one to two hour a later,
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at which time 3 of the group (W.B., H.S., J.W.) were still completely unre-

"aionsive, 0while the others had aroused to a stuporous state. None of the
patients wa@ given 'any medication or stimulaslt prior to the initial cerebral

'function" stidies, All Of -the patients had a strong odor of alcohol on

.breath- Several pktients had v6%ited, and some had urinary and feca,
continence. 'Elpech was incoherent and rablng Blood 41cqhol levels were
.obtained in 6 subjects and ranged from 2 to 413 mgm.% with a mean of 320

h ." Tie other 6 patients ha -essegtially th, same- degree of intoxication
.an would have been eixpected- to -shodV similar blood alcohol levels, The

exact amount and type of alcoholic mixture consumed by the patienti c6uld not
.,be determined with accuracy, since most of them either had ampesia forthe
events preceding their stupor orlwere loath to admit the extent of their

"" The gesof these patients varied from 30 to 62 and aver-ed 42 Years.

Cerebral blood flow determinatons were repeated 15 to 62 hours after the
ini#Ial procedure,, at which tlre all of the" subjects were sober and reaso•-
ably alert. There 1ere surprisingly few "hangovep" symptomi yprseet.* Ntne,
of the-patients had//headache, evidence of dehydration or-delirium tremens
ait 'the .time of the ie.ond blood flow determination. Despite a history of

..chronic alcoholism, the patients appeared to be in fairly good physical con,
dition with one exception. This was a 62 year old patient (B.S.) who had
severe hypertension and generalized arteriosclerosis.

RESULTS

'The intravenous administration of small amounts of ethyl alcohol in
the 15 subjects produced little change in the mean values for either cere-
Sbral blood flow, oxygen consumption or vascular resistance (Table I).
Several of these individuals, however, showed a sl.ght increase of 9 to
12 cc./iO0 Gm. brain/mm. in C-BF, while one patient had a decrease of 13
cc./100 Gm./min. There was%'nly a sllght"'fall in the mean,,.cerebral arterio-

*• venous oxygen difference and a small decrease' in irterial blood pressure.
Mean cerebral respiratory quotients before and during alcohol infusion were
0.90 and 0.88, reýspectively. There was no correlation betrween either the
CBF or CM02, and the individual blood alcohol levels.

In contrast, lthere were marked alterations observed in the cerebral
nfnn-ionn of the patients admitted to the hospital with severe alcoholic in-
toxication (Tab/je II). TDuring the acute stage of intoxication there was a
significant increase, in" cerebral blood flow (PA.Ol), the mean COF at this
time being 67 Qc./100 Gm./min.ý A Considerable increase in cerebral blood
flow occurred Iin all but 3 individuals (H.S., J.W., and W.J.B.), as shown

in Figure 1. Following recovery, the mean CBF fell to IV7 cci - a decrease
of" 30%-' These 3 patients had no essential changes in CBF but, as pointed
out below,, showed the great estreductions in CMR0 2 during alcoholic stupor,
with values avuroxinately one half tfhRe nbserved follc'ng roery.
During intoxication the mean arterial blood prmssure was decreased in almost
every patient and a signiftcant reduction in mean CVR was also observed
(pC.Ol). Following recovery' the mean CVR rose froL. 1.5 to 2.4,3=. Hg/cc./100 Gm./min.

3.I



With few exceptions the cerebral oxygen consumption during the acute
stage of alcoholic intoxication was reduced and, followig recovery, rosc to
approximately normal levels (Figure 2). The mean value for C7/02 , When the

_patients were intoxicated, was 2.2 cc. compared with 3.2 cc.!100 Gm./min.

when they were sober (p4.00l). The mean cerebral arterio-venous oxygen dif-
ference during intoxication was one half that found after recovery. During
alcoholic intoxication there appeared to be an inverse relationship between
the degree of increase in CBF in the individual patient and the degree of
of decrease in CMRO2 (Figure 3).' The patients with the least rise in OBF
had the grcatest reduction 1n nxyge'n utilization, while those with the
greatest increase in CBF had little alteration in CRO0 2 . The patient (H.S.)
with the lowest CKMO0 value had no change in CBF.

Acidosis was found in 5' of the 6 patients in whom pH determinations were
obtained,-.ý The mean arterial pH value in these individuals during intoxica-
tiou was,7.731 in contrast to a value of 7.40 While sober. The arterial C0 2
.... tenionas elevated in 3 of.5 patients during intoxication. The mean pCO2

in the 5 patients was 47 mm. H9 during intoxication and 39 m, HEg following
recovery. The majority of patients showed a reduction in cerebral respira-
tory quotient during intoxication as compared with ,the value following
recovery*

This study demonstrates that low concentrations of alcohol in the blood,
15-137 mgm.%, do not produce significant changes in either cerebral blood

-flow* or oxygen consumption as measured by the nitrous oxide method.

"" The possibility of excessive contamination of internal jugular blood
with venous blood, from extracerebral sourcps must be considered, since this
would affect the validity of our determinations. At the level of the jugu-
lar bulb this contamination ordinarily is slight. Space does not permit a
complete analysis of this problem in relation to the accuracy of the nitrous
oxide method during alcoholic intoxication. Under ordinary conditions a
considerable contamination will result in a falsely low value for cerebral
blood flow. If the extracranial vessels are markedly dilated the cerebral
blood flow may be falsely high.

We do not believe that any important error wad introduced in these
measurements by increased addition of extracerebral venous blood to internal
jugular blood. Studies of the. nitrous oxide concentrations in external and
internal Jugular blood in two patients given intravenous alcohol suggested,
that there was oDly mild dilatation of extracerebral vessels., Furthermore,
the shape of the arterial and internal Jugular venous nitrous oxide con-
centration curves in both groups of patients did not suggest excesGivP con-
tamina-tion.

'4



A. Alteration In cerebral blood flow-might have been expected in view of the

fetitthat such levels are usually associated with evidence of extracranial
and. facial vasodilatation. The lack Of any alteration iti cerebral metabolism
in the presence of mental changes of mlid intoxication might appear surpries-
Ing. It is possible, however, that the ))mntal changes observed in these

patients are due to depression of specialized areas or synaptic systems of
the brain which do not participate greatly in the over-a4l oxygen consum.
'ion of this organ, but are nevertheless important in emotional control and

: . . personality integration.' Some similar cirmumstances apparently obtain in
petients given semi'-nascotic amounts of barbiturates which, although' produc-
ing definite mental changes, are not associated with alterations in either
cerebral blood flow or "metabollsm.I13 The absence, of significant changes in

the.. arterial-internal jugular venous oxygen difference in patienti receivipg
as much as.80 cc. of alcohol intravennusly has also been noted by otherp. 1

These studies indicate' that alcohol in the intravenous eoses employed

* has little effect on cerebral blood flow and, from the standpoint of modi-.
fying this function, would not be expected to be of value in the treatment-
of patients with "strokes" or cerebral vascular disease. Although higbhex
levels of alcohol in the-blood were found to produce an increase in cerebral
blood flCw, such -levels are associated vithdeprossion of cerebral oxygen
uptake- and would require approximately 100 cc,. of alcohol or 200 cc. of-

whiskey orally."

The depressant effect of large doses of 'alcohol on the brain in the _

patients with 'severe alcoholic intoxication has been foun= in a variety of
"psychologic :-nd psychcpotor studies.15 Electroencephalographic studies
"during alcoholic intoxigation have shown changes similar to those observed
during hyp6xic states.

The poor correlation found in the present studies between the blood
alcohol level and the degree of reduction In cerebral oxygen uptake might
have been due to the fact that the level of,, alcohol in the blood was not

always the same as that in the nerve cell itself. However, this seems
doubtfu 'in view of the rapid distribution of alcohol, throughout the body
water.1 It seems more likely that the failure of correlation was due to

individual differences in tolerance, possibly as a result of chronic addic-
YVtion to alcohol.

"As mentioned above,* the patients with the greatest increase in CBF
during 'intoxication tended, to have the least degree of reduction in cerebral
metabolism. Since blood flow is normally adjusted to tissue needs, a d"-.
pression of 'cerebral metabolism by alcohol would be expected tc be followed
by &a•reduction in blood flow if other factors were not operative. It ap-
pears possible that an increase in blood flow during intoxication, by rais-
ing oxygen tension tn the capillaries and in the extravascular fluid of::the

brain, counteracted to some extent the depressant effects of alcohol on

cerebral metabolism. During alcohAolic intoxication the mean venous P0 2 was
actually 13 mm. greater than that found following recovery, m'ere was some

tendency for the patients with the greatest increase in jugular venous p02
during intoxication to have thei least reduction in cereblral oxygen uptake..
This might provide a rational basis for the use of 10C% oxygen in the treat-

ment of acute alcoholic intoxication, as suggested by other workers. 1 7 This

5
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concentration of oxygen, however, acts as a cerebral vasoconstric or and
this vould to some extent offset the advantae of An increase in oxvgen con-
tent of the arterial blood,,.

The increased CBF fomud in association with high lvels of alcohol is
consistent with the observations of Thomas1 8 who observed dilatation of the
pial vessels in experimental animals given intravenous or in~tr qrýot.d In-
Jections Of ethyl alcohol. However, the increase in blood flow !--it4`1se
a4imals was' transient and, had completely sbitbaided in 15 to 30 minuts d de-,-
spite the continued presence of elevated blbod alcohol levels.

Other factors which might well be important, in producing the increased
CBF were the increase in 002 tension and pH changes which ekisted in eral
of these patientss Awdecrease In pH was found in 5 of the 6 patients
iihom this determination wasmade. Acidosis has also been r~ported br /
others and is thought to be caused by accumulation of lactic acid and'lreten-
tion of carbon dioxide. 1 9 Reduction in pH is commonly: believed to cause an
increase in cerebral blood flow, but recent studies in our laborato;ry2O and
by Schieve and Wilson2 L have shown that cerebral vessels dilate more consis-
tently with elevations of C02 tension than with depression of pH. The mean
increase bf 8 mm. US in carbon dioxide tension observed in our patients is
ordinarily sufficient to produce considerable dilatation of cerebral vessel•.
A reduction in pulmonary ventilation was found in 2 of the 5 patients in
which this function was measured and this factor might have produced the
observed elevation in pC02 .

It would appear from these data, that the profound narcosis produced by,
high concentrations of alcohol in the blood can be accou~ited for by depres.
sion of cerebral metabolism. It is of course possible that a number of
other factors such as an acidosis, dehydration, and hypoglycemia may also be
operative in some of these patients. Our studies do not provide any infor-
mation as to the exact mechanism of the depression of the brain in alcoholic
intoxication except to indicate that impairment of the cerebral circulation
is not a major factor. Despite the fact that the cerebral metabolism of
these patients readily returned to normal after they became sober, it is
possible that repeated depression of the brai: b.y alcohol may result in per-
manent cerebral injury and degeneration.

The techniccal assistaxce of the following is acknowledged with appreciation:

Mrs, Louise Thompson, askd the Misses Maxy Bell, Mary Ruth Fiprdham, Elizabeth
Kelley and Mary Upshaw.
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Fig. 1. The changes in cerebral'blood flow. in p4tients during
severe- alcoholic intoxication and fo32oving recovery.

*The broken line indicates the mean value in qc~ntrol



r m ALCOHOL INTOXICATION-

!- RECOVERY
4

20

Q3%

C/L~

m

01

Jc WJS GK fib8 CE- RLW L T R# SB

Fig, 2. 1The changes in ~cerebral ,Oxygen ,consumption in patients
during severe alcoholic intoxication and following
recovery, The broken line indicates the mean value in

control subjects.
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